In a recent issue of the JCI, Matoba et al. (1) argue that hydrogen peroxide (H 2 O 2 ) derived from endothelial nitric oxide synthase (eNOS) acts as an endothelium-derived hyperpolarizing factor (EDHF) in small mesenteric arteries of the mouse. Their data are convincing, and if their conclusion is correct, H 2 O 2 now joins nitric oxide (NO) (2, 3) , superoxide anions (4) , and potassium ions (5) on the list of small inorganic molecules that carry regulatory messages from the endothelium to vascular smooth muscle cells and so contribute to intercellular signaling in the vascular wall. The effect of H 2 O 2 adds another layer to our already complex description of endothelium-dependent hyperpolarization (Figure 1 ; see refs. [6] [7] [8] .
H 2 O 2 and vascular relaxation
Matoba et al. (1) conclude that eNOS generates superoxide anions, which are converted by superoxide dismutase (SOD) to H 2 O 2 . This mediator then acts on ion channels on the vascular smooth muscle, increasing K + conductance and causing hyperpolarization and relaxation of the vascular smooth muscle (9) (10) (11) Multiplicity of mechanisms leading to endothelium-dependent hyperpolarization. The mechanism proposed by Matoba et al. (1) is highlighted. Substances such as acetylcholine (ACh), bradykinin (BK), and substance P (SP), through the activation of M3-muscarinic, B2-bradykinin, and NK1-neurokinin receptor subtypes, respectively, and agents that increase intracellular calcium, such as the calcium ionophore A23187, release endotheliumderived hyperpolarizing factors. CaM, calmodulin; COX, cyclooxygenase; EET, epoxyeicosatrienoic acid; IP3, inositol trisphosphate; GC, guanylate cyclase; NAPE, N-acylphosphatidylethanolamine; Hyperpol., hyperpolarization; NOS, NO synthase; O2 •-, superoxide anions; PGI2, prostacyclin; P450, cytochrome P450 monooxygenase; R, receptor; X, putative EDHF synthase. SR141716 is an antagonist of the cannabinoid CB1 receptor subtype (CB1). Glibenclamide (Glib) is a selective inhibitor of ATP-sensitive potassium channels (K + ATP). Tetraethylammonium (TEA) and tetrabutylammonium (TBA) are nonspecific inhibitors of potassium channels when used at high concentrations (> 5 mM), while at lower concentrations (1-3 mM) these drugs are selective for calcium-activated potassium channels (K + Ca2+). Iberiotoxin (IBX) is a specific inhibitor of large conductance K + Ca2+. Charybdotoxin (CTX) is an inhibitor of large conductance K + Ca2+, intermediate conductance K + Ca2+ (IKCa2+), and voltage-dependent potassium channels. Apamin is a specific inhibitor of small conductance K + Ca2+ (SKCa2+). Barium (Ba 2+ ), in the micromolar range, is a specific inhibitor of the inward rectifier potassium channel (Kir). GAP 27 (an eleven-amino acid peptide possessing conserved sequence homology to a portion of the second extracellular loop of connexin), 18α-glycyrrhetinic acid (αGA), and heptanol are gap junction uncouplers. Adapted from ref. ing conclusion of this study is that H 2 O 2 is generated by the action of the eNOS. The proposal that eNOS can generate oxygen-derived free radicals is not unprecedented (13) (14) (15) , but the notion that this happens physiologically, in normal mouse arteries exposed to acetylcholine, is novel. These conditions differ dramatically from those in which NO synthase has been observed to produce oxygen-derived free radicals, namely the absence of normal substrates or cofactors (13, 14) . H 2 O 2 clearly differs from all other putative mediators of endotheliumdependent hyperpolarization. At least in the small mesenteric arteries studied by Matoba et al. (1), myoendothelial gap junctions are not required as a conduit for H 2 O 2 's EDHF activity. Moreover, its activity can be abolished by using a suitable combination of K + channel blockers, a hallmark of EDHFmediated responses (5) (6) (7) (8) . By these criteria, H 2 O 2 appears to be an EDHF in its own right.
The field of EDHF research is mired with species differences and with functional differences between small and large blood vessels (see refs. [5] [6] [7] [8] . For this reason, it is not clear whether the present findings, made in small arteries of the mouse, can be extended to the small and large blood vessels of other species. For example, in coronary arteries of the dog, catalase, which abolishes EDHF-mediated response in the experiments of Matoba et al. (1) , has minimal, if any, effects on the response to acetylcholine (12) . This is a most important issue, as it may well be that in the vascular periphery the effect of EDHFs on vascular tone overwhelms that of endothelium-derived NO, thus controlling peripheral resistance and arterial blood pressure. If so, the cardiovascular scientific community, which took fifteen years to accept that NO participates in endotheliumdependent regulation of vascular tone, may have to adjust itself to the idea that this gaseous mediator is not the only such endothelium-derived regulator.
Reactive oxygen species reconsidered
This report also reopens the broader question of the regulatory role of oxygen-derived free radicals in general, particularly in endothelium-dependent responses. So far, the perception has been that those radicals, in particular superoxide anions, contribute mainly to destructive processes. This is attributed to the scavenging effect of superoxide anions on endothelium-derived NO (16) , which leads to the production of the ill-reputed peroxynitrite. In addition, both superoxide anions and H 2 O 2 can be transformed into hydroxyl radicals, which can catalyze the production of vasoconstrictor prostanoids. These mediators act directly on vascular smooth muscle cells to induce contraction (17) . While this activity is thought of as pathological, superoxide anions in large cerebral arteries and certain other blood vessels may play a valuable role in the response to stretch to allow for vascular autoregulation (4, 18) .
The identification of H 2 O 2 as an EDHF provides a satisfying explanation of the negative feedback (see, for example, ref. 19 ) exerted by NO on endothelium-dependent relaxation, at least in small mesenteric arteries of the mouse (1). Since NO and superoxide anions (the precursor of H 2 O 2 ) react spontaneously (16) , these two products of eNOS would be expected to suppress each other's effectsalthough the product of their interaction, peroxynitrite, is itself vasoactive. The physiological effects of NO and superoxide anions may depend crucially on their local concentrations and their intracellular site of formation. In order to accumulate as H 2 O 2 , endothelial superoxide anions must first escape interacting with NO molecules; under normal conditions, at least in some blood vessels, it appears that a small amount of superoxide anions survives for long enough to be acted on by SOD and generate H 2 O 2 . However, in other healthy vessels, such as the large cerebral arteries (4, 18) , and under pathological situations in many blood vessels, the production of superoxide anions (largely from sources other than eNOS) may overwhelm the production of NO. Under these conditions, H 2 O 2 production will be limited only by the availability of SOD, and endotheliumderived peroxynitrite, prostanoids, and possibly isoprostanes may tip the balance toward vasoconstriction (Figure 2) . In addition, massive scavenging of NO will unleash the production and permit the action of endothelin-1, accelerating the evolution toward pathology (20) .
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Figure 2
Proposed interactions between NO and superoxide anions (O2 •-) in the regulation of endothelium-dependent responses. NO synthase (NOS) produces both NO and superoxide anions. Under normal circumstances, and in most arteries, the production of NO predominates, and NO scavenges the small amounts of superoxide anion formed. In the small mesenteric artery of the mice, the superoxide anions that escape the scavenging by NO are transformed by SOD to H2O2, which diffuses to the vascular smooth muscle and causes its hyperpolarization (Hyperpol.) by opening of a K + conductance (KCa2+). NO activates soluble guanylate cyclase (sGC) to produce more cGMP. In arteries such as the canine cerebral arteries, or the aortas of hypertensive or diabetic animals, other sources of production of superoxide anions (e.g., NAD(P)H oxidase [NAD(P)H Ox]) or xanthine oxidase (Xant Ox) are activated when the intracellular Ca 2+ concentration increases. The large quantities of superoxide anions formed scavenge most or all of the NO, leading to the production of peroxynitrite (ONOO -). In addition, superoxide anions can be transformed to hydroxyl radicals, which diffuse to the vascular smooth muscle and induce the production of vasoconstrictor endoperoxides (PGH2) and prostanoids (and possibly isoprostanes). The latter activate TP receptors (TP-R) that are coupled positively to the contractile process.
Explaining physiological differences among blood vessels
The multiplicity of pathways defined so far to explain endothelium-dependent hyperpolarization ( Figure 1) 
